MLL1 is essential for retinal neurogenesis and horizontal inner neuron integrity by Brightman, Diana S et al.




MLL1 is essential for retinal neurogenesis and
horizontal inner neuron integrity
Diana S. Brightman
Washington University School of Medicine in St. Louis
Rachel L. Grant
Washington University in St. Louis
Philip A. Ruzycki
Washington University School of Medicine in St. Louis
Ray Suzuki
Washington University in St. Louis
Anne K. Hennig
Washington University School of Medicine in St. Louis
See next page for additional authors
Follow this and additional works at: https://digitalcommons.wustl.edu/open_access_pubs
This Open Access Publication is brought to you for free and open access by Digital Commons@Becker. It has been accepted for inclusion in Open
Access Publications by an authorized administrator of Digital Commons@Becker. For more information, please contact engeszer@wustl.edu.
Recommended Citation
Brightman, Diana S.; Grant, Rachel L.; Ruzycki, Philip A.; Suzuki, Ray; Hennig, Anne K.; and Chen, Shiming, ,"MLL1 is essential for
retinal neurogenesis and horizontal inner neuron integrity." Scientific Reports.8,1. e11902. (2018).
https://digitalcommons.wustl.edu/open_access_pubs/7010
Authors
Diana S. Brightman, Rachel L. Grant, Philip A. Ruzycki, Ray Suzuki, Anne K. Hennig, and Shiming Chen




















































































:;<=>?@>;=AB<CD>;EF<>GH<IFJKFLMNO<P;Q;<>CR>;>S;>SQ;>TQCS;>U<AVCWXT>CF;<P>TYZQGTC>[V>GF>TAGHD>\WV=<GQ]^__`ab^_PS;>QTCJKLQHQR>;>QW<cG>THAdefgefheief;>j>;>GF>PV<WTkGC>=PWlmnDZoKpYVC<GcEqNm`r]K_KsPJQGT;>QTFAVGHC`n:tJT>H>;=<G>TR<HDEVP;>QTuj>QHV;>nAVGH`raKs^JQGTQGGAHQH>TR<HDkGC>=PWv<A=Q;HK@>;QRTQHQC>HCQ;>QUQ<WQPW>j;A=l>G>kwS;>CC<AGx=<G<PVC`lkxDHSCuyRRRKGFP<KGW=KG<DKcAUyc>Ay<GjAyW<Gz<GcKDH=W{lEka_Z]YsJK\G<H<QWTQHQFA=SQ;<CAG<GFWVT<GcES>Q;=QGnA;;>WQH<AGnA>|F<>GH`EVSSW>=>GHQ;XB<cKEsJRQCTAG><GHD>m>GU<;AG=>GH`rZKsKa{DHSCuyRRRK;}S;A~>FHKA;cyKqAT>H>FHT<>;>GH<QW>wS;>CC<AG?c>G>CHDQHT<TGAHSQCCHD>IWH>;F;<H>;<QAjn:t^<GQHW>QCH^CQ=SW>CR>;>;>=AU>TKB<WH>;>TFAVGHTQHQR>;>FA=SQ;>TVC<GcT>jQVWHSQ;Q=>H>;C<GkTc>m`rZKoKYJKl>G>CT>IG>TQC<GjA;=QH<U><GT<CF;<=<GQH<GcnWVCH>;CaZPXtQFACzAsZ?PQC>TAGEVSSW>=>GHQ;XqQPW>Es{=XL<_JR>;>>wH;QFH>Tj;A=kTc>mQGQWXC<CKEVSSW>=>GHQ;XB<cV;>E^<GFWVT>CHD>UQWV>jA;QWc>G>C<G>QFDnWVCH>;W<CHK\GB<cKYN?NnQGTvnTQHQC>HCFAGC<CHAjVG<AGC>HCAjc>G>CFWQCC<jX<GcFWVCH>;CZ]ZQGT]YZZ?;>CS>FH<U>WX?<GEVSSW>=>GHQ;XB<cE^`TVSW<FQH>UQWV>CR>;>;>=AU>TJK@>;QRQGTS;AF>CC>TmMNC>[TQHQC>HCQ;>QUQ<WQPW>j;A=l>G>kwS;>CC<AGx=<G<PVCl`kxDHSCuyRRRKGFP<KGW=KG<DKcAUyc>Ay<GjAyW<Gz<GcKDH=W{lEka_Z]YsJKaKtQCWQGT?KK@>G>V;AGQWA;cQG<QH<AGAjHD>;>H<GQKe?]YY]o_?DHSCuyTA<KA;cya_Ka_aYy~KG>V;AGK]_a]Ka_K__]`]_a]JK]KAVGc?KKn>WT<>;>GH<QH<AG<GHD>;>H<GQAjHD>=AVC>K ¡¢h£¤£?a]_^?DHSCuyTA<KA;cya_Ka__]yQ;Ka_]a]_]a^`ao^JKZKn>S¥A?nKOK?NVCH<G?nK:K?QGc?¦K?NW>w<QT>C?tK§k>TT<G>?LKn>WjQH>T>H>;=<GQH<AG<GHD>U>;H>P;QH>;>H<GQK¨h ¡ih ©ªh«¬ª­®?^o^^`aYJKsKvQCC>H?kKNK§QWQF>?rKNKn>WjQH>T>H>;=<GQH<AG<GHD>U>;H>P;QH>;>H<GQK¯©fefh«®°?^Y^^pZ?DHSCuyTA<KA;cya_Ka_aYy~KH<GCK]_a]K_^K__s`]_a]JK^Kn>S¥A?nK\GH;<GC<FQWXT<>;>GH;>H<GQWS;Ac>G<HA;F>WCS;ATVF>CS>F<IFHXS>CAjS;Ac>GXK ¡¢±efh«¤°?Ya^Y]p?DHSCuyTA<KA;cya_Ka_ZoyG;GZpYp`]_asJKYKtQHD>;C?:KK?l;<GP>;c?NK?tQDAG?²KNK§³Q=;<FD?tK@>wDA=>APAwc>G><C>CC>GH<QWjA;U>;H>P;QH>>X>T>U>WAS=>GHK ¡e®´?Y_ZY_p?DHSCuyTA<KA;cya_Ka_Zoys]sp^`apJKpKtQ;[VQ;TH?qK¡ iK:QwY<C;>[V<;>TjA;HD>=VWH<SAH>GHCHQH>Aj;>H<GQWS;Ac>G<HA;F>WCKµi¤¶°?sZ^ ^`]__aJKoKvV;=><CH>;?tK¡ iKxFVWQ;;>HQ;TQH<AG=AVC>FQVC>TPXnDwa_DA=>APAwGVWQW>W>u<=SQ<;>T;>H<GQWS;Ac>G<HA;S;AW<j>;QH<AGQGTP<SAWQ;F>WT<>;>GH<QH<AGK ¡·¡¤£?ZpYZos?DHSCuyTA<KA;cya_Ka_ZoyGc_sY}ZpY`aYJKKl;>>G?kKEK?EHVPPC?³KOK§O>U<G>?kKtKl>G>H<F;>CFV>AjF>WGV=P>;<GQ=AVC>=AT>WAj=<F;ASDHDQW=<Qu<GH>;QFH<AGCP>HR>>GnDwa_QGTla}SDQC>F>WFXFW>;>cVWQHA;CK¸±i¹g¡¤®¶?^Z^ ]^`]__ZJKa_KM<CD<TQ?NK¡ iKxHw]DA=>APAwc>G>FAGH;AWC;>H<GQWSDAHA;>F>SHA;F>WjQH>QGTS<G>QWcWQGTT>U>WAS=>GHK ¡efh«?a]^ ^a]YZ?DHSCuyTA<KA;cya_Ka_ZoyGGaa^ ^`]__ZJKaaKnD>G?EK¡ iKn;w?QGAU>WxHw}W<¥>SQ<;>T}DA=>ATA=Q<GS;AH><G?P<GTCHAQGTH;QGCQFH<UQH>CSDAHA;>F>SHA;F>W}CS>F<IFc>G>CKe¤­?a_apa_Z_`apJKa]KBV;V¥QRQ?qK?tA;;AR?kKtK?O<?qK?LQU<C?BKnK§n>S¥A?nKOK>H<GASQHDXQGTQH>GVQH>TF<;FQT<QG>GH;Q<G=>GH<Gn;w}T>IF<>GH=<F>K ¡·¡£®?sYYsp_?DHSCuyTA<KA;cya_Ka_Zoyp_^a`aJKaZKt>Q;C?NK³K¡ iKM;W<C;>[V<;>TjA;;ATSDAHA;>F>SHA;T>U>WAS=>GHK ¡·¡£­?ssps^]?DHSCuyTA<KA;cya_Ka_ZoyGcpps`]__aJKasKV?BK¡ iKxG>FVHa<C>CC>GH<QWjA;DA;<AGHQWF>Wc>G>C<CQGT;>H<GQW<GH>c;<HXKºefh«®®`aZ_^ZaZ_Y^J?aZ_Y^Q?DHSCuyyTA<KA;cya_Ka^]Zy~G>V;ACF<K_aaY}aZK]_aZ`]_aZJKa^KLX>;?tKNK?O<U>C>X?BK³K?n>S¥A?nKOK§xW<U>;?lK:;AwajVGFH<AGFAGH;AWCS;Ac>G<HA;F>WS;AW<j>;QH<AGQGTDA;<AGHQWF>Wc>G>C<C<GHD>=Q==QW<QG;>H<GQK ¡·¡®»?^Z^o?DHSCuyTA<KA;cya_Ka_ZoyGcaass`]__ZJKaYK:AFD>?KNK¡ iKO<=a<C>CC>GH<QWjA;HD>FA;;>FHWQ=<GQ;SAC<H<AG<GcAj;>H<GQWDA;<AGHQWF>WCKºefh«£?as_asa_p?DHSCuyTA<KA;cya_Ka^]Zy³Mk¼xEn\Ks_sY}_pK]__p`]__pJKapKq>CCQ;?:K§²AVQ;<T>C?qK<CHAG>FA;>=AT<IFQH<AGC;>cVWQH<GcGVFW>ACA=>CH;VFHV;>QGTTXGQ=<FCK ¡¢±diµi½«i¤°?p_Zp_o?DHSCuyTA<KA;cya_Ka_ZoyG;=Zo_`]_asJKaoKr>G¥QH>CD?EK§A;¥=QG?³KOK<CHAG>>wFDQGc>?FD;A=QH<GCH;VFHV;>QGTHD>;>cVWQH<AGAjH;QGCF;<SH<AGK ¡¢±diµi½«i¤?apoao?DHSCuyTA<KA;cya_Ka_ZoyG;=Zsa`]_a^JKaKLAV?K¡ iK>cVWQH<AGAjtOOaZ²s=>HDXWH;QGCj>;QC>QFH<U<HXPX<HCFA;>FA=SAG>GHCK ¡ª¡eh¡di½«i¤®?paZpa?DHSCuyTA<KA;cya_Ka_ZoyGC=Paa]o`]__YJK]_KEH>RQ;T?tKtK¡ iKtAW>FVWQ;;>cVWQH<AGAjZ²sH;<=>HDXWQH<AGPXNE]O?QCDQ;>TCVPVG<HAjtOOFA=SW>w>CK ¡ª¡eh¡di½«i¤®?o^]o^s?DHSCuyTA<KA;cya_Ka_ZoyGC=PaaZa`]__YJK]aKQGc?K§k;GCH?:KEkqytOOjQ=<WXS;AH><GC<GD>=QHASA<>C<CQGTW>V¥>=<QK¾¡º¿g ¡i¤¶°?paY?DHSCuyyTA<KA;cya_Ka__pyCa]ao^}_aY}]aao}o`]_apJK]]KlV?K¡ iK@>H`s{aaJFD;A=ACA=>H;QGCWAFQH<AGAjDV=QGQFVH>W>V¥>=<QCjVC>CHD>NOO}ac>G>?;>WQH>THAL;ACASD<WQH;<HDA;Qw?HAHD>NB}sc>G>Kµi¤?p_ap_o`a]JK]ZKq¥QFDV¥?LKnK?²ADW>;?EK§nW>Q;X?tKOK\GUAWU>=>GHAjQDA=AWAcAjL;ACASD<WQH;<HDA;QwPXaa[]ZFD;A=ACA=QWH;QGCWAFQH<AGC<GQFVH>W>V¥>=<QCKµi¤?Yap__`a]JK]sKk;GCH?:K¡ iKL>IG<H<U>D>=QHASA<>C<C;>[V<;>CHD>=<w>T}W<G>Qc>W>V¥>=<Qc>G>K¸±µi?sZpssZ`]__sJK]^KlWQC>;?EK¡ iKtVWH<SW>>S<c>G>H<F=Q<GH>GQGF>jQFHA;C<=SW<FQH>TPXHD>WACCAjtW]<G=AVC>T>U>WAS=>GHK¸±i¹g¡¤®®?as]ZasZ]?DHSCuyTA<KA;cya_Ka]s]yT>UK_]Z_]`]__YJK]YKV?LK¡ iK@>tOOZytOOsP;QGFD>CAjHD>nxt:NEEjQ=<WXjVGFH<AGQC=Q~A;D<CHAG>Z²s=AGA=>HDXWQC>CQH>GDQGF>;CKdiµi½«i®®?sps^sp^s?DHSCuyTA<KA;cya_Kaa]oy=FPK_aaoa}aZ`]_aZJK]pKO>>?³K¡ iKqQ;c>H>T<GQFH<UQH<AGAjtOOZD<CHAG>Z}OXC}s=>HDXWH;QGCj>;QC>QFH<U<HX<GHD>=AVC>;>U>QWCU<HQW;AW>CjA;tOOZ<GQT<SAc>G>C<CK¨h ¡ih ©ªh«¬ª¤¶°?a]]a]Zs?DHSCuyTA<KA;cya_Ka_pZySGQCK_oa_a__a_^`]__oJK]oKO>>?³KkK¡ iKZ²s=AGA}QGTT<}=>HDXWH;QGCj>;QC>tOOs<C;>[V<;>TjA;>GDQGF>;QFH<UQH<AGTV;<GcF>WT<>;>GH<QH<AGKÀi«Á£?>_a^_Z?DHSCuyTA<KA;cya_Kp^ s^y>O<j>K_a^_Z`]_aZJK]KlQG?qK?³VT>?nKLK?ÂQVHA?²K§k;GCH?:KL>U>WAS=>GHQWX<GTVF>TtWaWACC;>U>QWCT>j>FHC<GSACHGQHQWDQ>=QHASA<>C<CKÃeÄg« £»?apZ]apsa?DHSCuyTA<KA;cya_Ka_ZoyW>VK]_a_Kapa`]_a_JKZ_KlWQC>;?EK¡ iK@>D<CHAG>ZWXC<G>s=>HDXWH;QGCj>;QC>?tW]?<CAGWX;>[V<;>TP;<>ÅX<GT>U>WAS=>GHQGTCS>;=QHAc>G>C<CKÀ¹«Æ¡«hfµÇg ¡«£?^?DHSCuyTA<KA;cya_KaaoYyap^Y}oZ^}]}^`]__JKZaK³Q¥AUF>UC¥<?tK¡ iKM>V;AGQW²=H]QytWaD<CHAG>=>HDXWH;QGCj>;QC><C>CC>GH<QWjA;S;>j;AGHQWCXGQSH<FSWQCH<F<HXQGTRA;¥<Gc=>=A;XKºefh«®°?^_p^a_o?DHSCuyTA<KA;cya_Ka^]Zy³Mk¼xEn\KZ__s}asK]_a^`]_a^JKZ]K²>;<=AcWV?nK¡ iK<CHAG>}=>HDXWH;QGCj>;QC>tOO]`²tq]vJ<C;>[V<;>TjA;=>=A;XjA;=QH<AG<G=<F>Kºefh«®®?Zs^]ZsYs?DHSCuyTA<KA;cya_Ka^]Zy~G>V;ACF<KZZ^Y}a]K]_aZ`]_aZJKZZKO<=?LKNK¡ iKnD;A=QH<G;>=AT>W<GcjQFHA;tWa<C>CC>GH<QWjA;G>V;Ac>G>C<Cj;A=SACHGQHQWG>V;QWCH>=F>WCK ¡e»°´?]^^ZZ?DHSCuyTA<KA;cya_Ka_ZoyGQHV;>_pp]Y`]__JK
   	
		

 !"#$%&'&(%%)$#*+,-./01/023456/78390/392027792
:;<=>?@ABCDEFG<HIJK<=LMNOPQR=LMNSL>R@PT>L>AB?UVEQWT@BQXUOY>WT@QCZ@[T@QWT\>QBA@W]>C@BQ[<^HK_H`abFc:dec;dFfTg[hiRB@<B?Cijk<jkjlim<W>D?>g<Nkjn<kl<knNoNkjnp<:c<qf>QFr<s<HIJK<t>E?BQPDZ>D>T@BQBu=ATNPiLDjv@[TBQ>L>TfUDT?PQ[u>?P[>@Qw>QT?PDqT?@PTEA@[O[[BW@PT>Rx@TfZ>u>WT@y>qg@z>{M@A@QC{Z>g>QR>QTqT?@PTPDqUQPgT@W|DP[T@W@TUFODT>?>R]>[gBQ[>TBZBgPA@Q>?C@WZ?EC[FPQR}QW?>P[>ROQ~@>TU<H``JJKF:jk:e:jj:FfTg[hiRB@<B?Cijk<jk:diQgg<Nkjl<j;;oNkjlp<:l<vEPQCFs<G<HIJK<>>g@C>Q>T@WuPWTB?=ATNPiLDj?>CEDPT>[Q>E?PDg?BC>Q@TB?g?BD@u>?PT@BQPQRQ>E?BQPDPQRCD@PDR@Y>?>QT@PT@BQ<HHKF;cNe;lNFfTg[hiRB@<B?Cijk<jkkNiRQ>E<NNN:coNkjcp<:n<]BxPQFq<G>gzBFG<<\>Q>T@WPQPDU[@[BuTf>fBA>BRBAP@QT?PQ[W?@gT@BQuPWTB?Gf~jk@QTf>?>T@QPE[@QCPQBy>DAEDT@uEQWT@BQPDSOGT?PQ[C>Q@WABE[>?>gB?T>?<HKaF:dde;kNFfTg[hiRB@<B?Cijk<jkjlim<URX@B<Nkk;<k:<k:oNkk;p<:d<@EFv<FGf>QCFr<v<v[@>fF<<S@ABRPDR>C?PRPT@BQBuLXUqGVqzgNPQRO|GGRWNkP[[E?>[W>DWUWD>>~>WET@BQhPW?@T@WPD?>CEDPTB?UW@?WE@TDB[T@QD>Ez>ABC>Q@WLuE[@BQ[<HHHaFN:dceN:dFfTg[hiRB@<B?Cijk<jjkjiCPR<jcn;cknoNkknp<:<ZP[F\<FGfB@Fs<Fq@W@Q[z@F|<>y@Q>Fr<L<GUWD@QZjQ>{TEQ>[Tf>Q>E?BC>Q@WBETgETBu>AX?UBQ@W?>T@QPDg?BC>Q@TB?W>D[<HJKHFjcFfTg[hiRB@<B?Cijk<jjdlijn;{djk;{;{jcoNkkp<;k<ZP[F\<FGDP?zFO<L<>y@Q>Fr<L<GUWD@QZj@QPWT@yPT@BQ>~T>QR[g?BD@u>?PT@BQPQRPDT>?[f@[TBC>Q>[@[@QTf>gB[TQPTPDABE[>?>T@QP<HaF;jecNFfTg[hiRB@<B?Cijk<jkkNiRyRU<N:ndNoNkjNp<;j<ZU>?FL<O<G>gzBFG<<gNn=@gjPQRgcn=@gN?>CEDPT>g?BD@u>?PT@BQ@QR@[T@QWT?>T@QPDg?BC>Q@TB?W>DgBgEDPT@BQ[<HaF;Nce;NnjoNkkjp<;N<CPxPFL<FqP@TBfFV<FqERBEFt<FqPTBFV<VEm@>RPFv<G>DTUg>{[g>W@W>Y>WT[BugNno=}|jpDB[[BQ?>T@QPDR>y>DBgA>QT<HJKHaFjnFfTg[hiRB@<B?Cijk<jjdli[j:kl;{kjn{kk;{joNkjnp<;:<LPWB[zBFr<<HIJK<v@CfDU|P?PD>D\>QBA>{x@R>r~g?>[[@BQ|?BD@QCBu}QR@y@REPDG>D[[@QCtPQBD@T>?Z?BgD>T[<^HKFjNkNejNj;FfTg[hiRB@<B?Cijk<jkjlim<W>D<Nkjc<kc<kkNoNkjcp<;;<rA>?[BQFL<L<FqE?>QzBFt<F\B>TF<<FM?@AP?Wf@F<G>gzBFG<<T~NPQRQ>WETjg?BABT>Tf>uPT>[BuWBQ>gfBTB?>W>gTB?[PQRfB?@BQTPDW>D[PQR?>g?>[[?BRgfBTB?>W>gTB?[<H^HKaFcenNFfTg[hiRB@<B?Cijk<jkjlim<R>yW>D<Nkj:<kl<kkcoNkj:p<;c<qBTBFV<F PTz@Q[F=<<FBfQ[BQF]<r<FqWfBTD>?FV<=>?[Wf>Q[T>@Q>?FZ<t\{N?>CEDPT>[gPTfxPU{[g>W@WQ>E?@T>C?BxTfPQRDPA@QPT@BQF[UQPg[>uB?APT@BQFPQR[@CQPDT?PQ[A@[[@BQ@QTf>?>T@QP<H¡¡Fjj;ejjcFfTg[hiiRB@<B?Cijk<jcN:itr]qG}<jcNj{j:<Nkj:oNkj:p<;l<BfQ[BQF<HIJK<w>[@WEDP?CDETPAPT>T?PQ[gB?T>?j@[?>¢E@?>RuB?gfBTB?>W>gTB?[UQPgT@W[@CQPD@QCXETQBTuB?@QT?@Q[@Wy@[EPDuEQWT@BQ[<HaFnN;cenNccFfTg[hiRB@<B?Cijk<jcN:imQ>E?B[W@<kdjc{kn<NkknoNkknp<;n< BmW@zFq<L<HIJK<OQ>[[>QT@PD?BD>uB?y>[@WEDP?CDETPAPT>T?PQ[gB?T>?jow\Mjp@QgB[TQPTPDR>y>DBgA>QTPQRWBQT?BDBu¢EPQTPD[@><£JIK¤J¥¦§¦¤bFnjcdenjl:FfTg[hiRB@<B?Cijk<jkn:igQP[<k;kjnl;jkjoNkk;p<;d<qWfA@TFV<F=BQ@C[TB?u>?FO<qERfBuFM<G<]}SrsrFPWBAgBQ>QTBu[UQPgT@W?@XXBQ[hPg?BT>@Q¨[mBE?Q>UTf?BECf>yBDET@BQg?By@R>[@Q[@CfT@QTB[UQPgT@W?@XXBQuEQWT@BQ<Ha©FdcnednNoNkkkp<;<O?T@QC>?Fr<<r?Q[TF|<G>DWBQT>~T@QTf>WBQT?BDBu[>Du{?>Q>xPDPQRg?BD@u>?PT@BQ?>CEDPT>RXULj<^HK^KHaFNleNnNFfTg[hiRB@<B?Cijk<;jljiWW<Nlk:NoNkj:p<ck<|BEQR[Fq<ZU>?FL<O<qTPT@[T@WPDPQPDU[@[BuRPTPu?BA?>T?By@?PDWDBQPD>~g>?@A>QT[@QTf>R>y>DBg@QC?>T@QP<J_HªaFjndejdcFfTg[hiRB@<B?Cijk<jkjlim<X?P@Q?>[<Nkkn<kd<kn;oNkkdp<cj<|?@W>F<FME?Q>?FZ<G>gzBFG<@Q>PC>PQPDU[@[@QTf>y>?T>X?PT>Q>?yBE[[U[T>AXU?>T?By@?E[{A>R@PT>RC>Q>T?PQ[u>?<£JIK¤J¥¦§¦¤©Fjclejlkojdnp<cN<VEm@AE?PFt<HIJK<|BDUWBAX?>g?>[[@BQWBAgD>~N@[?>¢E@?>RuB?Tf>AP@QT>QPQW>Bu?>T@QPDg?BC>Q@TB?W>D[PQRXPDPQW>R?>T@QPDR@Y>?>QT@PT@BQ<HK¡¡F;nelkFfTg[hiRB@<B?Cijk<jkjlim<URX@B<Nkjn<jj<kk;oNkjdp<c:<}@RPFO<HIJK<]BD>[Buf@[TBQ>v:=NnT?@A>TfUDP[>rfN@Q?>T@QPDg?BD@u>?PT@BQPQRR@Y>?>QT@PT@BQ<HHKF;nelkFfTg[hiRB@<B?Cijk<jkkNiRQ>E<NNNljoNkjcp<c;< PTPQPX>Fq<LE?PzPA@FO<]>CEDPT@BQBu]>T@QPDZ>y>DBgA>QTy@PTf>rg@C>Q>T@WLBR@WPT@BQBuv@[TBQ>v:<¤¥«¬`­H¥K©Fl:cel;jFfTg[hiRB@<B?Cijk<jkknind{:{:j{jnjNj{k®d;oNkjlp<cc<fPQCF<HIJK<rfNAP@QTP@Q[?>T@QPDg?BC>Q@TB?g?BD@u>?PT@BQFT?PQ[W?@gT@BQPD@QT>C?@TUFPQRTf>T@A@QCBuDPT>R@Y>?>QT@PT@BQ<HKFfTg[hiRB@<B?Cijk<jkjlim<URX@B<Nkjc<kc<kjkoNkjcp<cl<|BT[FL<S<HIJK<OQPDU[@[BuLDjR>W@>QWU@R>QT@>[Q>E?BC>Q@WT?PQ[W?@gT@BQPDABRED>[PQRS?Q;P[PuPWTB?uB?R@?>WTP[T?BWUT>{TB{Q>E?BQ?>g?BC?PAA@QC<HHF;nNe;dN¯R@[WE[[@BQ;dNFfTg[hiRB@<B?Cijk<jNNnitr<kkkkkkkkkkkkk;cNoNkj;p<cn<vPAAPQCF<|<HIJK<QWBC>Q>>~g?>[[@BQ@Q?>T@QPDfB?@BQTPDW>D[BuT?PQ[C>Q@WA@W>?>[EDT[@QPWP[WPR>BuQ>E?BR>C>Q>?PT@BQ<HbFjjnejNkoj:p<cd<=>>D>UF|< <HIJK<Z>y>DBgA>QTPQRgDP[T@W@TUBuBET>??>T@QPDW@?WE@T?UuBDBx@QCC>Q>T@W?>AByPDBufB?@BQTPDW>D[<H¡¡Fjnd;nejndlNFfTg[hiRB@<B?Cijk<jcN:itr]qG}<j:n:{j:<Nkj:oNkj:p<c<LB?CPQF< BQCF]<}Q°H±²H³J´JIµIH_HIJJ¥¶JK¦IHo>R[=BDXFv<V>?QPQR>Fr<t>D[BQF]<pojcp<lk<qBQQTPCFq<HIJK<OXDPT@BQBu?>T@QPDfB?@BQTPDW>D[u?BAPREDTA@W>D>PR[TB?BRR>C>Q>?PT@BQPQR?>ABR>D@QC@QTf>BET>??>T@QP<H¡aFjknj:ejknN;FfTg[hiRB@<B?Cijk<jcN:itr]qG}<k;;N{jN<NkjNoNkjNp<lj<sPQFt<HIJK<|B[TQPTPDBQ[>TBu?>T@QPDR>C>Q>?PT@BQXUDB[[Bu>AX?UBQ@WrfN?>g?>[[@BQBuq@~j<¦_H`F::ddnFfTg[hiiRB@<B?Cijk<jk:di[?>g::ddnoNkjlp<lN<]EUWz@F|<O<F@QQ>FG<Z<Fv>QQ@CFO<=<Gf>QFq<G?~{Nc:·LETPT@BQ|?BREW>[ZBA@QPQT|fBTB?>W>gTB?Z>u>WT[@QMw]LlcL@W><¸HI³`IJKK¶¦©F;l;;e;lc:FfTg[hiRB@<B?Cijk<jjlni@By[<jn{NNkncoNkjnp<l:<]EUWz@F|<O<FM?PQFt<L<F=>uPDByFw<<F=BD>[Q@zByFO<w<Gf>QFq<\?PR>RC>Q>>~g?>[[@BQWfPQC>[R>T>?A@Q>gf>QBTUg>[>y>?@TU@QABE[>ABR>D[BuG]·{P[[BW@PT>R?>T@QBgPTf@>[<HHKFjnjFfTg[hiRB@<B?Cijk<jjdli[j:kc{kjc{kn:N{oNkjcp<¹º»¼½¾¿ÀÁÂÀÃÀ¼ÄÅ>PETfB?[TfPQÆZ?<|PT?@W@Pr?Q[TPQRZ?<GBQQ@>G>gÆBuB?g?By@R@QC­KÇÈÉ¬PQR^¬ÇÊÈ^HABE[>F?>[g>WT@y>DU<>PETfB?[PD[BTfPQÆTf>uBDBx@QC@QR@y@REPD[uB?g?By@R@QCT>WfQ@WPDP[[@[TPQW>FV?PQÆqWfBTD>?F\EPQCs@@QCFS>D@QRPZPQPFL@QCUPQsPQCF·@QVPQCPQRË>DUGBWf?PQ<@[xB?ÆxP[[EggB?T>RXUt}vC?PQT[ÌkjrskjNc;:oTBqGp¯M:Nrskj::lkoTB P[f@QCTBQQ@y>?[@TUÍ ÎpPQR|:krskkNldnoTB Z>gP?TA>QTBugfTfPDABDBCUPQRw@[EPDqW@>QW>[Í {ZwqÎp¯PQREQ?>[T?@WT>RuEQR[u?BAÌ>[>P?WfTB|?>y>QTSD@QRQ>[[oTB {Zwqp<¹ÏÄÐ½ÑÒ½¼ÄÑÓÔÏÄÓ½¼Åq<G<WBQW>@y>RTf>g?Bm>WTFZ<q<S<PQRq<G<R>[@CQ>R>~g>?@A>QT[FZ<q<S<FÌ<<\<FÌ<q<PQRO<Ë<v<WP??@>RBETTf>>~g>?@A>QT[F?>[EDT[PQPDU[>[PQRg?>[>QTPT@BQ<|OÌg>?uB?A>RÌtO[>¢PQR?>DPT>RRPTPPQPDU[>[<Z<q<S<Fq<G<PQRO<Ë<v<x?BT>Tf>APQE[W?@gT<ODPETfB?[?>y@>x>RPQR>R@T>RTf>APQE[W?@gT<
   	
		

 !"#$%&'&(%%)$#*+,-./01/023456/78390/392027792
:;;<=<>?@AB?C>DE@=<>?FGHHIJKJLMNOPQLRSOKNMQSLTUUVWXTYZ[\]^Z\XTX[_T]^]X\`abVZcV_daefcefgha\iejkhlfehlgfgjjlgcmSKHJMQLnoLMJOJpMpqr[Ts]^V_\b[UtT_[YVUVWX[]ZYdZY][_[\]\cuGvIQpwJOxpLSMJqyX_ZYd[_zT]s_[_[WTZY\Y[s]_Tt{Z]^_[dT_b]V|s_Z\bZU]ZVYTtUtTZW\ZYXs}tZ\^[bWTX\TYbZY\]Z]s]ZVYTtT~tZT]ZVY\cHJLJpp^Z\T_]ZUt[Z\tZU[Y\[bsYb[_T_[T]Z[VWWVY\]_Z}s]ZVYicfY][_YT]ZVYTtZU[Y\[{^ZU^X[_WZ]\s\[\^T_ZYdTbTX]T]ZVYbZ\]_Z}s]ZVYTYb_[X_VbsU]ZVYZYTYW[bZsWV_V_WT]T\tVYdT\VsdZ[TXX_VX_ZT][U_[bZ]]V]^[V_ZdZYTtTs]^V_\TYb]^[\Vs_U[X_VZb[TtZY]V]^[_[lT]Z[VWWVY\tZU[Y\[TYbZYbZUT][ZU^TYd[\{[_[WTb[cr[ZWTd[\V_V]^[_]^Z_bXT_]WT][_ZTtZY]^Z\T_]ZUt[T_[ZYUtsb[bZY]^[T_]ZUt[\_[T]Z[VWWVY\tZU[Y\[sYt[\\ZYbZUT][bV]^[_{Z\[ZYTU_[bZ]tZY[]V]^[WT][_ZTtcWT][_ZTtZ\YV]ZYUtsb[bZY]^[T_]ZUt[\_[T]Z[VWWVY\tZU[Y\[TYbVs_ZY][Yb[bs\[Z\YV]X[_lWZ][b}\]T]s]V__[dstT]ZVYV_[U[[b\]^[X[_WZ][bs\[Vs{ZtY[[b]VV}]TZYX[_WZ\\ZVYbZ_[U]t_VW]^[UVX_Zd^]^Vtb[_cVZ[{TUVXV]^Z\tZU[Y\[Z\Z]^]X`aU_[T]Z[UVWWVY\cV_datZU[Y\[\a}aicfacr[s]^V_\feh
